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Douglas-fir (Pseudotsuga mensiesii var. glauoa [Beissn.] Franco) 
cone production under various western spruce budworm (Chovistoneura 
occidentalis Freeman) defoliation conditions was examined on 12 wes.tern 
Montana study sites. The sites were divided into two general infesta­
tion levels: (1) stand defoliation obvious to the casual observer, and 
(2) stand defoliation not obvious to the casual observer. Cone pro­
duction was significantly higher on sites where budworm defoliation was 
not obvious compared to sites where defoliation was obvious. Attempts 
to correlate cone production of individual trees and sites with defoli­
ation ratings of branch samples were unsuccessful due to the large 
amount of variation in cone production between trees within sites and 
between sites within the infestation levels. 
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Chapter 1 
INTRODUCTION 
Since the first reported epidemic infestation in northern Idaho 
in 1922 (Evenden 1927), the western spruce budworm (choristoneura 
occidentalis Freeman) has had a serious impact on Douglas-fir (Pseudotsuga 
menziesii var. glauca [Beissn.] Franco) forests in the Northern Rocky 
Mountains. Johnson and Denton (1975) compiled a history of western 
spruce budworm outbreaks and infestations through 1971, and estimated 
damage to more than 15 million acres of public and private timber!and in 
the Northern Rockies (Fig. 1). 
Western spruce budworm larvae feed primarily on the current 
year's foliage of several host trees including Douglas-fir, grand fir 
(Abies grandis [Doug!.] (Lindl.), subalpine fir (Abies lasiooarpa [Hook.] 
Nutt.), Engelmann spruce (Picea engelmannii Parry) and western larch 
[Lavix occidentalis Nutt.) (Johnson and Denton 1975). Recent studies 
have shown that budworm larvae also feed on developing and mature cones 
of Douglas-fir (Dewey 1970) and western larch (Fellin and Shearer 1968). 
Research is currently being done on western spruce budworm by the 
Intermountain Forest and Range Experiment Station in conjunction with 
CANUSA-West, a cooperative program of spruce budworm study between the 
United States and Canada. Within the Intermountain Station the Forestry 
Sciences Laboratory at Missoula is the headquarters for a study examining 
the effect of western spruce budworm feeding on the cones and seed of 
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Figure 1. Areas of Western Spruce Budworm Defoliation Between 1948 
and 1971. (Redrawn from Johnson and Denton [1975], p. 17.) 
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several conifers within the Northern Rocky Mountains (Shearer and Tier-
nan 1979). 
The amount of seed disseminated in silvicultural systems or 
collected for regeneration purposes depends not only on the extent of 
damage to cones and seed, but also on the number of cones produced. 
Some measure of the budworm's effect on the overall cone production of 
trees and sites is needed in conjunction with damage estimates to give 
land managers the basis for deciding when to rely on natural regenera­
tion and when to use other methods. 
The objective of this study was to examine the loss in Douglas-
fir cone production to western spruce budworm as a result of the com­
bined effects of larval predation on ovulate strobili and the reduction 
in reproductive bud initiation. 
Douglas-fir was selected for study due to its economic impor­
tance, its wide occurrence east and west of the continental divide in 
Montana, its inherent susceptibility to western spruce budworm, and the 
repeated defoliation problems on many of the Douglas-fir sites. 
Chapter 2 
REVIEW OF THE LITERATURE 
Douglas-fir Life Cycle 
Allen and Owens (1972) studied and documented the process of 
cone production in coastal Douglas-fir (Pseudotsuga menziesii [Mirb.] 
Franco). With minor adjustments in timing, their work is applicable to 
the Rocky Mountain form, P. menziesii var. glauca. Primordia are 
initiated within the vegetative bud as it begins to swell in early 
spring (Fig. 2). These primordia are undifferentiated, and have the 
potential to develop along one of five pathways: (1) abort early and 
disappear, (2) partially develop to become latent buds, undifferen­
tiated, but with the potential to develop later into vegetative or 
reproductive buds, (3) develop into vegetative buds, (4) develop into 
pollen-cone buds, or (5) develop into seed-cone buds (Allen and Owens 
1972). 
Consequently, the ten week period between the initiation of 
primordia and the differentiation into buds is extremely critical. The 
numbers of primordia initiated seem to be fairly constant from year to 
year within a tree, indicating that fluctuations in cone production are 
a result of changes in the proportion of primordia developing as repro­
ductive buds versus developing as vegetatives, becoming latent, or 
aborting (Silen 1967, Owens 1969). 
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Figure 2. Reproductive Cycle of Coastal Douglas-fir. (Redrawn from Allen and Owens [1972], pp. 6 and 7.) 
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Most of the buds which abort or become latent are potential 
pollen-cone buds located at the proximal end of the shoot (Allen and 
Owens 1972). Primordia at the distal end of the shoot are more likely 
to develop either as seed-cone or vegetative buds (Allen and Owens 
1972). If conditions are not favorable, most distal primordia will 
develop as vegetative buds rather than seed-cone buds, with few becom­
ing latent or aborting (Owens 1969, Allen and Owens 1972). Once this 
differentiation occurs, there seems to be little abortion until repro­
ductive bud burst and pollination occur approximately one year later 
(Owens 1973). 
By the end of the first summer the vegetative, latent, pollen-
cone, and seed-cone buds are well-formed and physically distinct along 
the current shoot. In early spring of the following year the pollen-
cone and seed-cone buds flush, forming the male and female flower 
structures.1 This reproductive bud flush occurs prior to the general 
vegetative bud flush (Allen and Owens 1972). 
The period during and immediately following reproductive bud 
flush is another crucial time in cone development. Owens (1973) 
indicated that abortion is a primary factor in the loss of seed cones 
during this time. He also stated that abortions can be the result of 
low temperatures and other unknown factors. 
Pollination occurs immediately following the reproductive bud 
JThe microsporangiate and ovulate strobili are often referred 
to, respectively, as the male and female flowers. While the use of 
"flower" terminology is not accurate, it is convenient and will be used 
in this text. 
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flush, and fertilization is completed by midsummer. The cone develops 
and matures by early fall (Allen and Owens 1972). 
Two critical points occur within the sequence of bud initiation 
and cone development where the final number of cones produced can be 
changed most drastically. The first is the period between primordia 
initiation and subsequent bud differentiation in the spring preceding 
the year of actual cone production. Adverse conditions during this 
period may cause primordia which would normally develop as seed-cone 
buds to instead abort, become latent, or develop as vegetatives. 
The second point occurs as the seed-cone buds flush and are 
pollinated in the spring of the year of cone production. During this 
period the flowers are subject to frost or other damage. Consequently 
adverse conditions during either of these time periods can lead to 
significant reductions in the number of cones produced. 
Factors Affecting Cone Production 
The factors affecting cone production are not well understood. 
Cone crops in Douglas-fir occur periodically, with fair to good crops 
occurring every two to seven years (Lowry 1966, Allen and Owens 1972). 
Boe (1954) compiled records of cone production for several Montana coni­
fers including Douglas-fir. For the period 1908-1953, he found fair to 
good cone crops in Douglas-fir occurring at different times east and 
west of the continental divide, but at approximately the same frequency. 
Boe classified Douglas-fir as a prolific seeder, with a ratio of one 
fair or better crop to seven-tenths of a poor cone crop. 
Although weather is assumed to be critical in cone production, 
8 
the precise conditions and time of occurrence which enhance or reduce 
production remain a mystery. Attempts to relate specific weather pat­
terns to cone crops have been generally unsuccessful. Lowry (1966), 
vanVredenburch and LaBastide (1969) and Eis (197.3) found some corre­
lation, but Griffith (1968) was unable to identify weather conditions 
favorable to flowering. 
Other factors have been successfully related to cone production. 
Griffith (1968) found significant correlation between flower and cone 
numbers and tree characteristics such as height, diameter, and growth 
rate. Eis et al. (1965) attributed the variation in cone production to 
differences in tree age and crown exposure. 
Carbohydrate levels may be significant in cone production. 
Kramer and Kozlowski (1960) indicated that reproductive buds have first 
priority in competition for carbohydrates followed by apical buds, 
lateral buds, and roots. They stated that anything reducing photo­
synthesis such as pruning and defoliation would reduce the number of 
flower buds initiated. 
Growth studies by Eis et al. (1965) and Tappeiner (1969) 
reported reduction in annual ring width coinciding with years of heavy 
cone crops. Tappeiner's study also indicated that shoot and needle 
length were reduced in good cone years. Those results suggested that 
cone development relies primarily on carbohydrates from current photo­
synthesis, rather than on stored reserves as previously thought (Eis 
et al. 1965). 
Consequently, treatments which increase the level of carbohy­
drates available tend to increase cone production. Girdling is one 
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treatment which effectively blocks the downward movement of carbohy­
drates and growth regulators, which are then circulated back into the 
tree crown (Kozlowski 1971). Ebell (1971) girdled one stem on each of 
three double-stemmed trees and compared the number of reproductive buds 
which matured. Although the treated stems were similar to the con­
trols in the total number of buds per shoot, the girdled stems had a 
larger proportion of reproductive buds and produced seven times as 
many cones as the untreated stems two years after girdling. 
The importance of growth hormones was demonstrated by Ross 
and Pharis (1976). Gibberellin treatments (GA4/7) of four-year-old 
grafts of mature coastal Douglas-fir increased the number of ovulate 
strobili by five times compared to untreated controls. Ross and Pharis 
also observed that girdling enhanced the treatment effect of the 
gibberellins, which indicated that the gibberellins did not simply 
increase the amount of carbohydrate available, but acted directly in 
primordia differentiation. Pharis and Kuo (1977, p. 312) proposed 
that "the presence of sufficient amounts of the appropriate GA is the 
limiting factor in sexual differentiation of lateral primordia." 
Variation in cone production has also been attributed to 
genetic differences in individual trees. Griffith (1968), in a study 
at the University of British Columbia Research Forest, assumed that 
repeated flower abortions observed in some of his sample trees were a 
result of genetic factors and not climatic factors. Eis et al. 1965, 
p. 1555) attributed observed differences in cone-producing ability to 
"some unknown and possibly inherent characteristics." Eis classified 
sample trees as good, average, or poor producers and found good 
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uniformity of cone production among the good producers in Douglas-fir. 
These trees were consistent in that all produced cones in each good 
crop year. 
Spruce Budworm Interaction 
The life cycle of western spruce budworm consists of a series 
of six larval instars and a pupation period after which the adult 
emerges as a small moth (Fig. 3). The adults lay eggs from which the 
larvae hatch during late summer (Johnson and Denton 1975). The larvae 
pass through the first instar and hibernate over winter as second 
instars. They emerge in late May and proceed through the larval stages 
to pupate in July and August (Johnson and Denton 1975). 
The larval stages are the active defoliators. Second instar 
larvae leave the hibernacula in late spring and may mine old needles 
(Williams 1966, Carol in and Coulter 1972). They also attack the flush­
ing seed-cone and pollen-cone buds (Dewey 1970) and feed on new foliage 
as the vegetative buds open/? Further feeding by second and third 
instar larvae may kill other developing conelets (Dewey 1970). Simi­
lar feeding was reported by Powell (1973) on balsam fir (Abies balsamea 
[L.] Mill.). He observed second instar larvae of spruce budworm 
(Choristoneura fumiferana Clem.) attacked the base of developing 
flowers, girdling and killing them. Schooley (1978) also reported 
spruce budworm predation on balsam fir flowers and conelets. Since 
the reproductive buds generally flush earlier than the vegetative buds, 
there is no reason for emerging larvae to ignore this food source 
(Dewey 1970). Further defoliation continues until midsummer when the 
11 
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Figure 3. Life Cycle of the Western Spruce Budworm on Douglas-fir 
in Montana. (Redrawn from Johnson and Denton [1975], p. 22.) 
larvae pupate. The feeding is confined primarily to the current year's 
foliage and the maturing cones (Dewey 1970). 
While predation on the developing flowers has been well-docu­
mented as discussed above, the effect of defoliation on reproductive 
O 
bud initiation and development is not clear.1 Since cone development 
relies primarily on carbohydrates produced by current photosynthesis 
(Eis et al. 1965), and the one-year-old foliage seems to be the pri­
mary source due to capacity (Free!and 1952) and relative amount (Silver 
1962), the amount of defoliation in the year prior to cone development 
should be important. The same interaction should exist regarding the 
initiation of reproductive buds. 
Schooley (1978) did observe a loss in reproductive structures 
after two years of severe defoliation in his study comparing 1973 and 
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1976 cone crops in balsam fir. Trees which had been severely defoliated 
for two years produced only two-thirds as many reproductive structures 
© 
in 1976 as they did in the equally good cone year of 1973. Lightly 
defoliated trees, however, produced twice as many reproductive struc­
tures in 1976 compared to 1973. In fact, light defoliation seemed to 
stimulate reproductive bud formation while decreasing the number of 
latent buds formed. Even heavy levels of defoliation resulted in a 
higher proportion of reproductive structures occurring as flowers, 
although very few matured as cones. 
Cone Production Studies 
Studies of cone production comparing present crops to evidence 
of previous production are limited. Schooley (1978) examined cone pro­
duction in balsam fir by removing the top portion of the crown contain­
ing the past 15 years of growth. Comparisons of cone production before 
and after a 1975 budworm infestation were then possible. Schooley 
recorded changes in the numbers and types of reproductive structures 
formed including mature cones, latent buds, and dead reproductive buds, 
flowers, and conelets. His sample consisted of 15 trees divided into 
three defoliation classes. 
Roe (1967) examined cone production in Engelmann spruce in 
conjunction with a seed dispersal study. He collected branches from 
fallen trees and aged cone scars by their location on the shoots. Tests 
of his samples showed that five branches from the top ten feet of a 
tree were as good an estimator as ten branches from the top 20 feet. 
Tappeiner, in his 1969 study, made observations on Douglas-fir 
13 
"peduncles," the stem attachments of the cones to the twig. He indi­
cated that these were persistent and could be dated back ten years. 
Chapter 3 
METHODS 
Study sites were selected in 1978 and 1979 from the Pseudotsuga 
menziesii/Calamagvostis ruhesaens habitat type (Pfister et at. 1977) 
west of the continental divide, and from the more general Douglas-fir 
forest type east of the divide.2 The stands were divided into two 
arbitrary defoliation classes: (1) defoliation obvious to the casual 
observer, and (2) defoliation not obvious. Obvious defoliation con­
sisted of considerable feeding on the foliage of over 50 per cent of 
the trees in the stand, defoliation not obvious referred to stands where 
feeding on foliage was not evident. The 12 sites selected were equally 
distributed east and west of the continental divide in Montana to iso­
late the effects of climatic variation (Fig. 4). On each side of the 
divide three sites represented obvious defoliation conditions and three 
sites represented not-obvious defoliation (Table 1). 
In the summer of 1979, six sample trees for this study were 
subjectively chosen at each site. Trees selected were either dominant 
or codominant cone-producing trees. Selection was restricted to trees 
whose tops were within reach of the truck-mounted hydraulic bucket to 
2 Sampling was done m conjunction with the Shearer-Tiernan 
(1979) project, using their aerial bucket and many of their study 
sites. Additional information concerning their study can be obtained 
from the Intermountain Forest and Range Experiment Station, Forestry 
Sciences Laboratory, Missoula, MT. Reference activities 3.1.1 and 
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Table 1 
Sampling Design 
Location Infestation Site* (6 trees each) 
1 2 3 
West Obvious Ashby Gold Lubrecht 
Creek Creek 
Not obvious Truman Bassoo Twin 
Creek Peak Creek 
East Obvious Squaw Magpie Ruby 
Creek Gulch Creek 
Not obvious Thunderbolt Ruby Newlan 
Creek Mine Creek 
Legal descriptions for each sample site can be found in Appendix 
A. 
be used for collecting branch samples. The aerial bucket used in this 
study had a maximum vertical extension of 53 feet. Identifying num­
bers were painted on the bole of each tree. Data were recorded for 
each tree including tree number, diameter breast high, height, crown 
length, average crown diameter, and age at stump height (eight inches). 
Site information was collected including slope, aspect, and elevation. 
Ten sample branches from each tree were collected from a ten 
foot section of the crown beginning five feet below the top of the 
tree. Branches within the top five feet generally did not have ample 
cone history for comparisons. Dominant cone-producing branches were 
selected from all sides of the crown. On trees with fewer than ten 
cone-producing branches, other dominant branches were selected at 
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random. The branches were clipped either at the bole or at the end of 
the actively growing portion of the branch. Dead terminals on the inter­
ior lateral twigs in the inactive portion made it impossible to determine 
the year of occurrence for existing cones. The branches were bundled and 
tagged with the sample tree number, then put in large garbage bags to 
facilitate handling and prevent desiccation. 
Persistent cones, persistent peduncles, and cone/peduncle 
scars were all tallied as "cones" for the cone crops occurring from 
1974 to 1979. The cone/peduncle scars could be differentiated from 
flower scars by the presence of a strong cone axis. The year of 
occurrence was determined by the position of the cone or scar on the 
branch, e.g., 1979 cones developed on the 1978 foliage shoots. "Cones" 
were tallied by the year of occurrence for each of the ten branches 
from each sample tree. 
Defoliation estimates were obtained by examining past inter-
nodes and rating the amount of foliage missing according to six 
classes: 0=0 per cent, 1 = 1-25 per cent, 2 = 26-50 per cent, 3 = 
51-75 per cent, 4 = 76-99 per cent, and 5 = 100 per cent defoliation 
(Carlson 1979). Ratings were obtained from the main stem for ten 
branches from each tree, either the cone branches or additional 
branches collected later. The 1973 through 1979 internodes were rated 
since 1974 cones occur on 1973 foliage. Average defoliation can then 
be calculated and expressed as "light" (0-37.5 per cent), "moderate" 
(> 37.5-62.5 per cent), or "heavy" (> 62.5 per cent) (Robinson et al. 
1978). 
Three methods of data analysis were used. The nonparametric 
Wilcoxon-Mann-Whitney test (Wonnacott and Wonnacott 1972) was used to 
detect differences in cone production between infestation levels. A 
nested analysis of variance was also used for the cone production data. 
Models for both of these methods can be found in Appendix A. Graphical 
analysis was used to detect patterns of cone production, relationships 
between defoliation and cone production, and to check for any possible 
bias in the sampling. 
Chapter 4 
RESULTS 
The west-side sites demonstrated good uniformity in the fre­
quency of cone crops, producing good crops in 1974, 1976, and 1978 
(Fig. 5). Gold Creek was the only west-side site to produce a good 
cone crop, relative to past production, during an off year (1977). 
Cone production was higher on not-obviously defoliated sites com­
pared to obviously defoliated sites in all good cone years. 
The east-side sites not only produced fewer cones, but also 
did not produce cone crops as uniformly (Fig. 6). Relatively good 
crops occurred in 1974 on all sites. Three of the sites produced 
again in 1977--Newlan Creek, Thunderbolt Creek, and Ruby Mine. Only 
two sites produced in 1978--Thunderbolt Creek and Magpie Gulch. The 
1978 cone production at Magpie Gulch is misleading since one tree pro 
duced 86 of the 88 cones counted at the site. This tree probably 
escaped serious budworm predation. In 1977 all of the not-obvious 
sites produced more cones than the obvious sites. In 1974 the 
obviously defoliated sites out-produced the not-obvious sites. 
The Wilcoxon-Mann-Whitney tests substantiated these observa­
tions. Cone production for 1978, 1976, and 1974 on the west-side 
sites was significantly higher (99 per cent confidence) on the not-
obvious sites compared to sites with obvious defoliation. The east-
side results varied as the cone production graphs indicate. Not-obvi 
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sites produced more cones in 1978 (90 per cent confidence) and 1977 (99 
per cent confidence), but obviously defoliated sites produced more cones 
in 1974 (90 per cent confidence). 
The nested analysis of variance was done for the 1978 west-side 
cone production with the following results (Table 2): 
Table 2 
Nested ANOVA* 
Source df SS MS F 
ratio 
F. 99 
Infestation 1 13,653.02 13,653. 02 663 6.63 
Sites 4 6,238.29 1 ,559. 57 75 3.32 
Trees 30 7,667.64 255. 59 12 1.88 
Error 324 6,665.05 20. 57 
TOTALS 359 34,224.00 
• 
1978 west-side cone production 
All calculated F values are significant at the 99 per cent 
level. Not only were there significant differences between infesta­
tion levels, but significant differences in cone production also existed 
between sites within infestation levels and between trees within sites 
within infestation levels. 
This analysis emphasizes the variation between the basic 
sampling units, but it may not be appropriate for this study. The 
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nested model assumes that the sums of squares which are pooled are 
roughly of the same magnitude (Hicks 1973). The sums of squares between 
trees within sites, pooled for the sstrees> may violate that assumption. 
Site SS 
Bassoo Peak 2,473.33 
Truman Creek 1,010.15 
Twin Creek 1 ,558.95 
Ashby Creek 2,454.53 
Gold Creek 
CO CO CO 
Lubrecht 138.8 
SS 
trees 7,667.64 
Based on this conclusion, no further analyses of variance were done. 
Cone production per tree per year is shown in Appendix B. Cone 
production versus age and age versus height (Appendix C) were plotted 
to demonstrate that no sampling biases regarding age class distri­
bution or site productivity favored one stand over another. 
Calculations of mean cone production per branch and the 
associated standard deviation are included in Appendix D. Calculation 
of mean cone production for the ten branches per tree and the associ­
ated standard deviation also appear in Appendix D. These estimators 
indicate the large amount of variation in cone production within and 
between trees on a site. 
Defoliation ratings for the west-side trees were averaged for 
the three years 1976, 1977, and 1978; they appear in Appendix E. These 
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were the years most likely to affect 1978 cone crops. Defoliation in 
1978 could include feeding on developing flowers, 1977 defoliation 
could reduce the photosynthetic capacity of foliage needed for the 1978 
reproductive bud development, and defoliation in 1976 could provide 
unfavorable conditions for bud initiation, resulting in more vegeta-
tives or aborts. Pre-1976 defoliation estimates were generally high 
on all sites and probably include much natural needle mortality. 
Again, the means and standard deviations for the defoliation estimates 
reflect the large amount of variation present. 
Cone production for 1978 was plotted against the mean defolia­
tion values for each tree and appear in Figure 7. High defoliation 
values (20-45 per cent) were observed for two not-obviously defoliated 
sites--Bassoo Peak and Twin Creek. Abnormally high levels of defolia­
tion occurred in 1978 at the Bassoo Peak site and seemed to be the 
result of something other than budworm. No obvious defoliation occurred 
on that site in 1977 or 1979 and no evidence of large budworm popula­
tions, such as pupae cases or webbing, was found. Early needle cast 
of 1977 foliage was observed in the fall of 1979 at the Twin Creek site, 
which would indicate that defoliation ratings for 1976 were too high. 
Average defoliation values were recalculated for these two sites to 
compensate for the nonbudworm related loss of foliage. The adjusted 
mean defoliation values for Bassoo Peak were based on the 1976 and 1977 
foliage ratings. The Twin Creek values were based on the 1977 and 1978 
foliage ratings. The results appear in Appendix E and are plotted 
against 1978 cone production in Figure 8. 
Mean defoliation values were also calculated for the east-side 
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ro cr> 
sites. Since 1977 was the most recent year in which cone production 
occurred in most of the stands, defoliation was averaged for 1976 and 
1977 and appears in Appendix E. Pre-1976 estimates were again thought 
to be artificially high. Cone production does not seem to be directly 
related to mean defoliation (Fig. 9). 
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Chapter 5 
DISCUSSION 
The results from this study indicate that western spruce bud­
worm infestations result in decreases in Douglas-fir cone crops. The 
magnitude of these losses is not known. For this study, if normal 
production for ten branches for six trees was assumed to be 750 cones/ 
site in 1978, as it was at Twin Creek and Truman Creek, losses in 
relatively young and vigorous stands with moderate to heavy defolia­
tion similar to Ashby Creek would approximate 30 per cent. Losses in 
heavily defoliated and less vigorous stands such as Gold Creek and 
Lubrecht could approach 90-95 per cent. Due to the large amount of 
variation between trees and sites, these figures represent very rough 
estimates. 
During the five-year period examined in this study, good cone 
crops occurred more often on the west-side sites than on the east-side 
sites. This observation seems to substantiate Boe's 1954 conclusion 
that good cone crops occurred at different times east and west of the 
continental divide. The time period covered by this study, however, 
is too short to adequately assess the frequency of good cone crops. 
Three general patterns of cone production were observed on the 
west-side sites (Fig. 5, p. 20). Cone production on the Twin Creek 
and Truman Creek sites was very similar in each of the three good cone 
years. Ashby Creek, however, seemed to follow the pattern of Bassoo Peak 
29 
more closely. Although Ashby Creek did not approach the numbers of 
cones produced at Bassoo Peak, both sites declined in cone production 
in 1976, then produced a tremendous crop in 1978 compared to both 1974 
and 1976 production. Cone production at the Gold Creek and Lubrecht 
sites seemed to match up somewhat with the exception of the 1977 cone 
production at Gold Creek. Neither site showed the 1978 response that 
Ashby Creek did. Both Lubrecht and Gold Creek stands tended to be 
older and less vigorous than the Ashby Creek stand. They have prob­
ably had a longer history of budworm infestation as well. These com­
bined factors could partially explain the differences in 1978 cone 
production in Figure 8 (p. 26). 
The similarities or consistency in production implied by the 
site figures vanish when individual tree production is examined (Appen 
dix B). Large variation exists here. In some cases, one or two trees 
account for over 50 per cent of the cone production on a site. 
Since the microclimatic and environmental factors can be 
assumed to be essentially constant for all six trees on a site, any 
variation in cone production on sites without spruce budworm infes­
tations should be a result of genetic differences. If the meteorolog­
ical requirements for a good cone crop are met, as they apparently 
were for the 1974, 1976, and 1978 crops, the best producers on a site 
should be expected to produce the most cones in each of those years-
providing a type of genetic ranking. The cone production/tree/year 
graphs (Appendix B) indicate that this ranking does not occur. No 
trees within the sites consistently produced more cones than other 
trees in good years. 
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Two significant problems became apparent during the course of 
this study. One was the inability to distinguish between the losses due 
to failure of reproductive bud differentiation caused by stress from 
defoliation and the losses due to budworm predation during the early 
stages of bud burst and flower development. An attempt was made to 
count not only persistent cones, peduncles, and cone scars, but to 
also tally dead reproductive buds, flowers, and latent buds for a 
comparison of the number of reproductive structures initiated similar 
to Schooley's 1978 procedure. This method was not feasible since the 
dead flowers were not persistent and latent buds were too numerous and 
small to be recorded with accuracy. In normal stand conditions the 
separation between losses to defoliation stress and losses to predation 
may not be important. But if seed were needed for special refores­
tation projects, individual trees could be sprayed to prevent budworm 
damage to flowers and cones. The ability to determine the loss of 
initiation of reproductive buds may then be critical if such losses 
exist. 
The second problem lies in the failure of this study to ade­
quately assess the amount and duration of defoliation. The present 
method using the six rating codes applies discreet values to a contin­
uous variable. This is confounded by the haphazard feeding patterns of 
the budworm. Not only does the intensity of defoliation change through­
out the crown, defoliation is not necessarily consistent within a 
branch. Several shoots on a branch may be totally defoliated while 
others are completely missed. 
Ten defoliation samples from each tree for each year were 
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inadequate for determining "average" defoliation. Twenty samples from 
each tree were also tested with no improvement in estimating mean, 
standard deviation, or coefficient of variation. The Forest Service is 
currently collecting four midcrown branches from each tree, but rating 
100 current-year shoots to estimate defoliation. This approach would 
have been impractical using the collected cone branches because most 
did not contain sufficient numbers of old shoots. Midcrown sampling 
would not accurately reflect defoliation conditions for the cone-
producing region of the upper crown. 
The importance of the duration of defoliation is suggested in 
the differences in cone production between the Ashby Creek site and the 
Lubrecht and Gold Creek sites. The history of defoliation for these 
areas could not be accurately assessed since the absence of older foli­
age was not necessarily budworm related. Annual assessments of current 
defoliation would be the best way to develop tree-specific defoliation 
histories. Some stand histories could be developed through the use of 
old air photos and analysis of increment cores, but neither method 
would be very accurate on an individual tree basis. 
Future studies should be designed to separate the losses due 
to predation from the possible losses in primordia differentiation. 
The Shearer-Tiernan project is working in that direction by mapping 
buds on sample trees in preparation for observing damage to buds as 
they develop. This will provide information on predation losses, but 
is not designed to detect differences in reproductive bud initiation. 
Researchers developing studies based on the procedures used 
here should be constantly aware of the large amounts of variation 
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existing between trees on a site and between similar sites within a 
general geographic region. The attempt to replicate sites within infes­
tation levels was futile. The sites were not replicates, but unique 
and independent cone-producing populations. 
Based on the results from this study, if accuracy to within 
± 10 per cent of the true mean with 95 per cent confidence is required, 
100 per cent sampling of the cone branches per tree may be necessary. 
Calculations using sample-based means and standard deviations indicate 
that from 18 to over 200 cone branches per tree would be needed to 
estimate the average cone production per branch with this accuracy. 
If ten branches per tree are used, the number of sample trees needed 
to calculate the average cone production per tree (± 10 per cent, 95 
per cent confidence) ranged from 40 to nearly 2,000. Obviously, this 
sampling intensity is not feasible in most studies. Consequently, the 
researcher should be ready to accept the large amounts of inherent 
variation or devise a way to stratify the sample by a more effective 
method. 
Chapter 6 
SUMMARY 
The objective of this study was to examine the loss in Douglas-
fir cone production in Montana as a result of western spruce budworm 
infestation. 
The sample consisted of ten branches from each of 72 trees 
located at 12 sites, six east and six west of the continental divide. 
The sites on both sides of the divide were separated into two cate­
gories representing two levels of budworm infestation: stand defoli­
ation obvious to the casual observer and stand defoliation not-obvious 
to the casual observer. Sites were selected from the Pseudotsuga 
menziesi-i/Calamagrostis rubesoens habitat type west of the continental 
divide, and from the more general Douglas-fir forest type east of the 
Continental divide. 
Cone scars, peduncles, and persistent cones were tallied as 
"cones" by year of occurrence for each of ten branches per tree from 
1974 to 1979. Defoliation was rated on the main stem of the branches 
for each of the internodes from 1973 to 1979 using a six-class rating 
system: 0=0 per cent, 1 = 1-25 per cent, 2 = 26-50 per cent, 3 = 
51-75 per cent, 4 = 75-99 per cent, 5 = 100 per cent. Defoliation 
ratings from pre-1976 internodes were considered unreliable. 
The nonparametric Wilcoxon-Mann-Whitney test showed the not-
obviously defoliated west-side sites produced significantly (99 per 
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cent confidence) more cones than obviously defoliated sites in the good 
cone years of 1974, 1976, and 1978. Not-obviously defoliated east-side 
sites out-produced obviously defoliated sites in 1977 and 1978, but 
obviously defoliated sites produced more cones than not-obvious sites 
in 1974. 
A nested analysis of variance for the 1978 west-side cone pro­
duction showed significant differences (99 per cent level) between 
infestation levels, sites within infestation levels, and trees within 
sites. This model was not appropriate for further tests because pooled 
sums of squares were not of equal magnitude. 
Graphs of cone production per tree per year, cone production 
per site per year, cone production versus defoliation, cone production 
versus age, and age versus height were presented and discussed. Tables 
of mean cone production and defoliation were also presented. No direct 
relationship between individual tree defoliation and cone production was 
observed. 
Two problems encountered in the study were discussed. One prob­
lem was the inability to distinguish between the losses due to failure 
of reproductive bud initiation caused by stress from defoliation and the 
losses due to predation during the early stages of bud burst and flower 
development. The second problem was the failure to adequately assess 
the amount and duration of defoliation. 
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SAMPLE SITE LOCATIONS 
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Bassoo Peak 
Truman Creek 
Twin Creek 
Ashby Creek 
Lubrecht 
Gold Creek 
Magpie Gulch 
Squaw Creek 
Ruby Creek 
Ruby Mine 
New!an Creek 
Thunderbolt Creek 
SW 1/4, SE 1/4, SEC. 7, T24N, R24W 
SE 1/4, NE 1/4, Sec. 3, T26N, R22W 
SE 1/4, SE 1/4, Sec. 24, T14N, R17W 
SE 1/4, Sec. 28, T13N, R16W 
NE 1/4, SW 1/4, Sec. 14, T13N, R15W 
SW 1/4, NE 1/4, Sec. 27, T9N, R11W 
SW 1/4, SW 1/4, Sec. 31, TUN, R1E 
SW 1/4, SW 1/4, Sec. 34, T4S, R4E 
S 1/2, SW 1/4, Sec. 10, T9S, R1W 
NW 1/4, NE 1/4, Sec. 18, T9S, R1W 
NE 1/4, SE 1/4, Sec. 11, TUN, R1E 
NW 1/4, SE 1/4, Sec. 15, T6N, R7W 
A P P E N D I X  B  
41 
42 
WILCOXON-MANN-WHITNEY TEST 
Cone production (obvious defoliation) by tree for one side of 
the continental divide for one year: Xi, X2 . . . , X (m = 18) 
m 
Cone production (not-obvious defoliation) by tree for one side 
of the continental divide for one year: X l5 X2 . . . , X (n = 18) 
n 
Assign rankings of 1-36 for all X's from smallest to largest. 
In case of ties, assign all observations the average rank. 
18 
Z X. „ , ,, , . , , = rank sum W , 
• _ -J i Ranks (defol. obv.) obs. 
E(W) = \ m (m + n + 1) = \ 18 (18 + 18 + 1) 
var(W) = \ mn (m + n + 1) = \ (18 • 18) (18+18+1) 
To test the null hypothesis that the two populations are iden­
tical 
Prob value - Pr(W < W , ) 
— obs 
W - y W ^ -E(W) 
Pr * < obs 
a — var(W) 
W 
W , - E(W) 
Pr Z < obs 
var(W) 
4 3  
NESTED ANOVA 
Y .  .  =  y  +  A .  +  B .  , . .  +  C  , .  . .  + e . . . .  
ijkl i :(1) k (ij) 1(i]k) 
df : (abcn - 1) = (a - 1) + a(b - 1) + ab(c - 1) + abc(n - 1) 
Source df SS MS 
. . . , ijk nabc 
1 3 k 1 
a T2 T2 SS^ X  •  •  •  • • • •  A  
^infestation i a ^ ^ nbc nabc a - 1 1 
a b T? . a T2 SS 
Bsites j (i) a(b"1> ^T) 
T2 . T2 SS a b c T .  a  b  i j . .  c  
C ab(c - 1) E Z - I E nc ab(c - 1) 
t r e e s  k ( x ^ )  v  . •  .  .  n  
1 3 k 1 J 
a b c n  a  b  c  T 2  S S  
E , .  a b c ( n  -  1 )  E  E  E  E  Y 2 . ,  -  E  E  E  ̂  / £ ,v Kijk) i i u  i ] k i  i  .  k  n  abc(n - 1) 
a b c n  T 2  
TOTALS abcn - 1 EEEEY2. 
Y = number of 1978 cones on a single branch 
n 
T = E Y. = number of 1978 cones per tree 
i = l 1 
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Figure 6. Twin Creek Cone Production (west-side defoliation not 
obvious) 
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Figure 1. 1978 West-side Cone Production Versus Age 
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Figure 2. 1977 East-side Cone Production Versus Age 
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Figure 4: East-side Tree Height Versus Age 
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Table 1 
Average Cone Production Per Tree* 
Site ] 978  1976 1976 
Total Mean S.D. Total Mean S.D. Total Mean S.D. 
cones/ cones/ cones/ 
tree tree tree 
West, obvious 
Ashby Creek 532 88.6 70.06 74 12.3 23. 01 193 32.17 21.92 
Gold Creek 53 8.83 7.99 51 8.5 6. 19 137 22.83 9.83 
Lubrecht 16 2.67 6.05 2 .33 .82 97 16.17 9.17 
West, not obvious 
Bassoo Peak 1,312 218.67 70.33 170 28.3 29. 41 352 58.7 50.85 
Truman Creek 741 123 44.9 464 77.3 119. 98 479 79.8 41.23 
Twin Creek 765 127.5 55.84 396 66 56. 35 546 91 51.37 
1978 1977 1974 
East, obvious 
Ruby Creek 4 .67 1.63 0 0 0 135 22.5 32.69 
Squaw Creek 7 1.17 4.42 7 1.17 4, .42 312 52 38.63 
Magpie Gulch 88 14.67 34.96 7 1.17 1. .60 262 43.67 23.93 
East, not obvious 
Ruby Mine 8 1.33 2.80 49 8.17 17, .67 84 14.0 10.08 
Newlan Creek 2 .33 .82 234 39 32. 91 243 40.5 35.5 
Thunderbolt 252 42 24.33 104 17.33 33, .81 107 17.83 9.04 
Ten branch sample 2 
Table 2 
West-side Cone Production Per Tree: Defoliation Obvious 
Sample tree no. 1978 1976 1974 
Total Mean S.D. Total Mean S.D. Total Mean S.D. 
Ashby Creek 1 39 3.9 1.97 6 .6 .97 55 .5 2.88 
2 83 8.3 5.03 0 0 0 2 .2 .63 
3 47 4.7 2.83 0 0 0 39 3.9 3.0 
4 200 20.0 6.72 59 5.9 3.88 11 1.1 1.10 
5 144 14.4 7.06 6 .6 .70 54 5.4 4.45 
6 19 1.9 1.52 3 .3 .67 32 3.2 1.32 
SITE TOTALS 532 88.6 70.6 74 12.3 23.01 193 32.17 21.92 
Gold Creek 20 6 .6 1.58 20 2.0 1.63 35 3.5 1.96 
21 21 2.2 1.03 10 1.0 1.05 16 1.6 1.26 
22 9 .9 .74 4 .4 .70 22 2.2 2.15 
23 15 1.5 1.51 6 .6 .70 35 3.5 2.95 
24 0 0 0 8 .8 .63 14 1.4 1.65 
25 2 .2 .42 3 .3 .48 15 1.5 1.43 
SITE TOTALS 53 8.83 7.99 51 8.5 6.19 137 22.83 9.83 
Lubrecht 68 0 0 0 0 0 0 14 1.4 1.78 
69 1 .1 .32 0 0 0 27 2.7 2.21 
70 0 0 0 0 0 0 0 0 0 
71 0 0 0 2 .2 .63 22 2.2 1.55 
72 0 0 0 0 0 0 18 1.8 1.14 
73 15_ 1.5 1.43 0 0 0 I£ 1.6 1.43 
SITE TOTALS 16 2.67 6.05 2 .33 .82 97 16.17 9.17 
Table 3 
West-side Cone Production Per Tree: Defoliation Not Obvious 
Sample tree no. 1978 1976 1974 
Total Mean S.D. Total Mean S.D. Total Mean S.D. 
Bassoo Peak 7 340 34.0 6.88 38 3.8 2.74 147 14.7 4.25 
8 187 18.7 3.74 35 3.5 4.43 56 5.6 2.99 
9 181 18.1 6.23 1 .1 .32 60 6.0 2.71 
10 249 24.9 8.31 2 .2 .18 5 .5 1 .27 
11 218 21.8 6.55 79 7.9 2.08 13 1.3 2.31 
12 137 13.7 4.88 15 1.5 1.72 71 7.1 4.01 
SITE TOTALS 1 ,312 218.67 70.33 170 28.3 29.41 352 58.7 50.85 
Truman Creek 13 148 14.8 5.63 28 2.8 2.90 148 14.8 5.79 
14 94 9.4 3.95 305 30.5 11.31 90 9.0 6.09 
16 180 18.0 6.46 118 11.8 7.10 86 8.6 3.78 
17 161 16.1 6.05 1 .1 .32 73 7.3 4.57 
18 85 8.5 5.21 1 .1 .32 59 5.9 4.23 
19 73 7.3 2.06 11 .1 .99 23 2.3 1.57 
SITE TOTALS 741 123 44.9 464 77.3 119.98 479 79.8 41.23 
Twin Creek 62 94 9.4 3.98 50 5.0 4.29 10* 2.0* 1.87* 
63 112 11.2 7.51 167 16.7 9.32 145 14.5 4.33 
74 103 10.3 4.32 6 .6 1.35 96 9.6 4.01 
65 223 23.3 9.55 25 2.5 2.07 141 14.1 8.53 
66 143 14.3 4.40 76 7.8 5.52 57 5.7 3.09 
67 80 8.0 4.08 72 7.2 4.26 97 9.7 4.03 
SITE TOTALS 765 127.5 55.84 396 66 56.35 546 91 51.37 
"k 
Some branch samples were too short to give good 1974 information. 
Table 4 
East-side Individual Tree Cone Production: Defoliation Obvious 
Sample tree no. 1978 1977 1974 
Total Mean S.D. Total Mean S.D. Total Mean S.D. 
Ruby Creek 26 0 0 0 0 0 0 0 0 0 
27 0 0 0 0 0 0 5 .5 .71 
28 0 0 0 0 0 0 2 .2 .42 
29 4 .4 .97 0 0 0 55 5.5 4.58 
30 0 0 0 0 0 0 0 0 0 
31 0 0 0 0 0 0 73 7.3 4.83 
SITE TOTALS 4 .67 1.63 0 0 0 135 22.5 32.69 
Squaw Creek 38 0 0 0 1 .1 .32 46 4.6 3.98 
39 1 .1 .32 0 0 0 25 2.5 2.07 
40 0 0 0 0 0 0 75 7.5 3.66 
41 0 0 0 0 0 0 118 11.8 4.57 
42 0 0 0 0 0 0 13 1.3 1.70 
43 6 .6 1.26 6 .6 .70 35 3.5 2.99 
SITE TOTALS 7 1.17 4.42 7 1.17 4.42 312 52 38.63 
Magpie Gulch 50 86 8.6 2.93 0 0 0 16 1.6 2.41 
51 0 0 0 4 .4 1.26 33 3.3 2.75 
52 2 .2 .42 1 .1 .32 34 3.4 4.25 
53 0 0 0 0 0 0 45 4.5 4.79 
54 0 0 0 0 0 0 47 4.7 3.80 
55 0 0 0 2 .2 .42 87 8.7 7.41 
SITE TOTALS 88 14.67 34.96 7 1.17 1.60 262 43.67 23.93 
cr> 
Table 5 
East-side Individual Tree Cone Production: Defoliation Not Obvious 
Sample tree no. 1978 1976 1974 
Total Mean S.D. Total Mean S.D. Total Mean S.D. 
Ruby Mine 32 7 .7 1.06 0 0 0 5 .5 .85 
33 0 0 0 0 0 0 7 .7 .82 
34 0 0 0 0 0 0 5 .5 .85 
35 0 0 0 5 .5 .97 24 2.4 2.06 
36 1 .1 .32 0 0 0 15 1.5 1 .51 
37 0 0 0 44 4.4 3.92 28 2.8 1 .62 
SITE TOTALS 8 1.33 2.80 49 8.17 17.67 84 14.0 10.08 
New!an Creek 44 0 0 0 14 1.4 1.26 15* 1 .67* 1.58 
45 0 0 0 13 1.3 1.16 15* K 5  *  1.35 
46 0 0 0 92 9.2 3.19 79 8.78* 2.28 
47 0 0 0 40 4.0 3.09 84 8.4 5.54 
48 0 0 0 12 1.2 1.62 1 .1 .32 
49 2 .2 .63 63 6.3 2.58 49* 5.44* 5.22 
SITE TOTALS 2 .33 .82 234 39 32.91 243 40.5 35.5 
Thunderbolt 56 21 2.1 1.52 0 0 0 4 .4 .70 
Creek 57 45 4.5 3.54 0 0 0 24 2.4 3.66 
58 18 1.8 2.86 9 .9 .99 16 1.6 1.43 
59 48 4.8 2.90 5 .5 .71 13 1.3 1.77 
60 85 8.5 5.10 4 .4 .52 20 2.0 1.89 
61 35 3.5 1.58 86 8.6 3.20 30 3.0 9.04 
SITE TOTALS 252 42 24.33 O
 1
 
-p>
 
17.33 33.81 107 17.83 9.04 
* 
Some branch samples were too short to give good 1974 information. 
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Table 1 
Average Defoliation: West-side 
69 
Year Tree no. Mean S.D. 
Ashby Creek 1 68.3 22.4 
9 
L- 59.6 29.7 
3 81.3 17.0 
4 72.1 27.4 
5 54.6 36.7 
6 80.0 24.7 
Bassoo Peak 7 37.9 38.6 
8 43.8 41.2 
9 40.0 45.4 
10 42.9 39.8 
11 28.3 27.3 
12 30.4 35.5 
Truman Creek 13 9.6 11.7 
14 12.1 10.6 
16 15.0 12.9 
17 14.6 17.7 
18 9.2 16.1 
19 12.1 15.9 
Gold Creek 20 54.2 35.3 
21 55.8 27.8 
22 55.0 27.2 
23 45.0 27.2 
24 84.6 9.1 
25 82.5 13.4 
Twin Creek 62 23.7 16.2 
63 15.4 16.3 
64 19.6 17.9 
65 31.2 22.0 
66 20.4 18.7 
67 15.4 18.5 
Lubrecht 68 65.4 36.1 
69 69.5 32.6 
70 85.8 30.0 
71 82.5 8.6 
72 95.8 37.1 
73 65.4 12.5 
(continued next page) 
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Table 1 (continued) 
Year Tree no. Mean S.D. 
1976-1977 Bassoo Peak 7 11.3 3.8 
8 16.3 14.1 
9 11.3 22.9 
10 16.3 12.2 
11 18.1 18.4 
12 13.1 16.0 
1977-1978 Twin Creek 62 14.4 8.4 
63 14.4 15.4 
64 19.6 2.8 
65 19.4 14.9 
66 10.6 8.4 
67 10.0 11.2 
71 
Table 2 
Average Defoliation: East-side 
Year Tree no. Mean S.D. 
1976-1977 Ruby Creek 26 53.8 28.4 
9 7  t- / 78.1 19.4 
28 42.5 28.8 
29 48.8 23.6 
30 45.0 28.2 
21 47.5 31.8 
Squaw Creek 38 73.1 23.7 
39 48.8 31.9 
40 88.1 10.3 
41 51.9 32.8 
42 33.8 26.0 
43 60.6 28.8 
Magpie Gulch 50 37.5 30.3 
51 42.5 23.8 
52 60.0 26.5 
53 71.3 21.9 
54 97.5 5.1 
55 75.6 27.0 
Ruby Mine 32 43.1 28.5 
33 33.3 30.4 
34 32.5 24.8 
35 23.8 25.3 
36 35.0 29.0 
37 48.1 27.3 
Newlan Creek 44 32.5 23.8 
45 51.3 27.5 
46 20.0 11.8 
47 41.3 27.2 
48 24.4 17.9 
49 45.0 25.8 
Thunderbolt Creek 56 48.1 32.8 
57 51.3 32.7 
58 39.4 29.9 
59 62.5 30.1 
60 23.8 25.0 
61 27.5 18.8 
